viridochromogenes (Krainsky) Waksman and Henrici, and that IMRU 3761 be designated as the neotype for Streptomyces cyaneus (Krassilnikov) Waksman. Evidence was presented to show that physiological criteria cannot be used to differentiate these organisms below the series level. The major characteristics of the Viridochromogenes series are blue to blue-green spores borne in spirals, and chromogenicity (melaninpositive). Reverse color and spore morphology provide a basis for separation below the series level.
In recent years, many classification systems for Streptomyces species have been proposed, based on groupings of cultures along morphological or color lines. That organisms should be so grouped is a natural consequence of the speciesgroup concept, which many workers today believe is the only rational approach to speciation in the genus Streptomyces.
The blue-spored streptomycetes, typified by S. viridochromogenes, were first considered as a species-group by Hesseltine, Benedict, and Pridham (1954) . Prior to Hesseltine's system, the blue-spored cultures were described as distinct entities, and no attempt was made to consider them as a group.
The objectives of this paper are to: (i) define and delimit the blue-spored or Viridochromogenes series; (ii) attempt to base species concepts upon the study of a large number of similar or closely related strains from diverse sources; and (iii) establish, where possible, ranges of variation for species within the group.
Any attempt to define the blue-spored series must be preceded by the statement that the spore-color groupings used in this paper are those of Pridham, Hesseltine, and Benedict (1958) .
The color described is that of the aerial mycelium en masse, and not that of the vegetative mycelium or any soluble pigment.
The blue-spored streptomycetes, as delineated by Hesseltine et al. (1954) , included blue-, bluegreen-, and green-spored forms. The color series appeared to be fairly homogeneous and centered around the species S. viridochromogenes. This species, originally described by Krainsky (1914) , proved to be stable throughout the years. The Viridochromogenes series, as used in the present work, refers to an aggregate of strains or species either identical with or closely related to S. viridochromogenes (Krainsky) Waksman and Henrici, strain NRRL B-1511. Pridham et al. (1958) designated this species as the type for the blue-color series in the morphology section Spira. This was a fortunate designation, because it is the most commonly occurring type.
MATERIALS AND METHODS Strains studied. The 62 strains used in this study represent 11 species described in the literature. Table 1 lists all the strains and their origins.
Morphology of sporophores and spores. The morphology of sporophores was determined by direct microscopic examination of 14-day-old petri dish cultures grown at 28 C on tomatopaste-oatmeal agar, yeast-malt extract agar, and inorganic salts-starch agar (Pridham et al., 1957) . Cultures were assigned to the morphology sections of Pridham et al. (1958) . The morphology of spores was determined by electron microscopy of impression mounts. For the sake of brevity, all color designations appearing in the descrip-676 (1957) .
Hydrogen sulfide production. Cultures were grown on Peptone Iron Agar (Difco) supplemented with 0.1 % yeast extract, after the method of Tresner and Danga (1958) . Presence of a bluish-black color in the medium within 6 to 24 hr indicated the production of H2S.
Carbon utilization. The utilization of carbon compounds was determined by the method of Pridham and Gottlieb (1948) (Gottlieb, 1958) . The following carbon sources were tested: glucose, mannitol, inositol, sorbitol, xylose, arabinose, rhamnose, fructose, raffinose, sucrose, and lactose.
Proteolysis. Proteolytic activity was determined by the gelatin-plate method of Frazier (1926) , and by the casein-plate method described by Gordon and Smith (1955 (Pelczar, 1957) .
RESULTS
The strains used in this study are tabulated in Table 1 according to the type-species to which they have been assigned. Studies of sporophore morphology showed that all the blue and bluegreen cultures were assignable to Pridham's section Spira. The green-spored strains, comprising Kutzner's (1956) group X, clearly differed in morphology, falling into the sections Rectus flexibilis (RF) or Retinaculum apertum (RA). Furthermore, all the blue and blue-green cultures were chromogenic, whereas the green-spored members were nonchromogenic. Currently, 12 of the 28 strains of this species are known to be sucrose-positive. All 11 species were chromogenic, proteolytic, and produced H2S. The only differences among the 11 species were in their ability to reduce nitrate and hydrolyze starch. Physiologically, these cultures behaved as a homogeneous group. Physiological criteria cannot, therefore, be used to differentiate these organisms below the group level.
The morphological characteristics of the cultures comprising the blue series are summarized in Magnification: 20,400 X. basis for separation below the group level: reverse color and spore morphology. All the strains that we assigned to S. viridochromogenes, as well as the reference cultures of this series, exhibited characteristic bluish-green or greenish-black reverse color. This color is due to a dark-green insoluble pigment, extractable with acetone, which turns red when acidified. The strains differ quantitatively in color intensity, but the same pigment exists in them all. Figure 1 shows the characteristic open spirals of the type-strain of S. viridochromogenes. The 28 strains assigned to this species exhibited some natural variation in length of spirals and degree nificant. Any attempt to subdivide this subgroup on this basis is at best tenuous, since more than one type of spiral sometimes occurred within the same strain. Figure 3 shows the variations in spiralling in a strain of S. chartreusis. The spirals ranged from short tight spirals to loose open spirals. The mode of branching varied also, from single laterals to complex asymmetrical branches attached both laterally and terminally.
DESCRIPTION OF SPECIES
The following descriptions are based on our own study of the species comprising the bluespored series. The descriptions, although in abbreviated form, contain all the pertinent criteria necessary to make a taxonomic judgment.
As we have already pointed out, the physiological criteria summarized in Table 2 are not of diagnostic value at the species level. Therefore, they are not included in the descriptions. The new species S. curacoi is described in more detail, since it has not been published Dreviously, except in the patent literature. S. cyaneus produced a bluish-purple pigment which did not change with alterations in the pH of the medium. The pigment was initially intracellular, but was released (probably by autolysis) into the medium as the culture aged. The spores were borne in compact spirals on short sporophores alternately arranged along the axial hyphae. The spores were all spiny.
The remaining species were characterized by having a reverse color in shades of cinnamon and buff, to almost colorless. They included S. chartreusis, S. caelestis, S. azureus, S. bellus, and S. curacoi. The new species described by Gauze et al. (1957) in the Coerulescens series also belong in this group. Members of this group differ primarily in spore morphology. As noted in Table 3 , the spores of all species in this series were spiny, except those of S. caelestis and S. azureus, which were smooth (Fig. 2) . Mayama (1959) and Nomi (1960) considered the mode of branching to be taxonomically sigStreptomyces viridochromogenes (Krainsky, 1914) Waksman and Henrici. 1948 Proposed neotype culture. NRRL B-1511. Synonymy. Actinomyces viridochromogenes Krainsky, 1914 . Actinomyces tviridochromogenes (Krainsky) Krassilnikov (1949) was suggested by Waksman (1961) . However, S. caelestis is chromogenic and has primitive spirals of one to two turns, whereas S. glaucus is nonchromogenic and has compact spirals of three to five turns. Antagonistic properties. Produces thiostrepton. Remarks. The first-published use of the epithet azureus for this species is that of Kelly et al. (1959) , and reference to the description of Pagano et al. (1955) is made. The combined specific epithet and description appears in the patent issued to Donovick, Pagano, and Vandeputte (1961) .
The remaining species in Gauze's Coerulescens series were not available for this study, but their descriptions indicated quite clearly that they fell into our concept of the Viridochromogenes series.
We excluded from the series Streptomyces caeruleus (Baldacci) Waksman. Although reported by some to be a member of the blue series, S. caeruleus really belongs to the gray series. The intense color saturation of the vegetative mycelium gives the appearance of a blue color but, in fully mature cultures, the gray spore color is evident. Further, our examination of Taber's culture of this species showed it to be in the section RF and nonchromogenic. Ecologically, this species represents a group of alkali-dependent cultures which appear to be characteristic of certain prairie soils in Canada (Taber, 1959 (Taber, , 1960 .
We further excluded S. glaucus (Lehmann and Schiitze, 1912 , emend. Krassilnikov, 1941 ) Waksman, 1953 , from the series because it is penicillin-green in spore color and nonchromogenic. This clearly differs from Actinoinyces glaucus Lehmann and Schiitze, 1907, which, according to Hutter (1962) , is a monosporous thermophile. DISCUSSION The conflict surrounding the nomenclature of the species S. viridochromogenes stems from its confusion with S. viridis. A brief examination of the history of these species may explain how the same binomial came to be used for three presumably different cultures. Lombardo-Pellegrino (1903) described Streptothrix viridis, an actinomycete whose spore color was green to darkgreen. Sporulation was by fragmentation, and it is not clear from the description whether spirals were formed. There is no mention of chromogenicity. Sanfelice (1904) emended the classification of this organism to Actinomyces viridis. Krainsky (1914) described A. viridochromogenes as a bluish-gray, chromogenic culture. Waksman (1919) amended the original description to include the formation of spirals.
Millard and Burr (1926) described a new species pathogenic to potatoes but unfortunately used the pre-empted name Actinomyces viridis. Duch6 (1934) , though cognizant of the work of Lombardo-Pellegrino and Sanfelice, described a new species to which he, too, assigned the name Actinomyces viridis.
Baldacci (1939) Millard and Burr (IMRU 3372) and found it to agree with the original description (Millard and Burr, 1926) . It is gray, RF, and chromogenic.
The illegitimacy of Streptothrix as a generic epithet for actinomycetes has already been established (Lessel, 1960) . The uncertain application of the Lombardo-Pellegrino epithet, coupled with a description based on a misidentification, certainly would seem to be grounds for questioning the validity of A. viridis sensu Baldacci. Further, we cannot agree with Hutter (1961) , who considers A. viridochromogenes Krainsky, 1914, a XIII of Waksman (1961) , which is essentially an acceptance of Kutzner's (1956) group IX. It includes the Azureus color group of Ettlinger, Corbaz, and Hutter (1958) , the glaucus group of Hutter (1962) , Baldacci's (1957) series Viridis and Caeruleus, and Gauze's series Coerulescens. Obviously, the Viridochromogenes series is represented by a multiplicity of names. Regrettably, a good deal of the confusion arising in this group stems from the unfortunate intermingling of species epithets and series designations. It is not in the province of this paper to reject names or to question their validity. It is our expressed hope, however, that, by bringing together all these culture descriptions, certain similarities will become apparent. There is little doubt that some of the species in this group ultimately will have to be relegated to synonymy.
For the sake of simplicity and convenience, we have used the Viridochromogenes-series designation and expanded it to include cultures not included by Waksman (1961) in his latest revision of the actinomycetes. Cognizant of the desirability that each group be designated by a representative species, we followed Pridham in his selection of S. viridochromogenes as the type. As we previously noted, S. viridochromogenes is not only the most commonly occurring type in the series, but is also the first validly published species and the nomenclatural type.
We propose NRRL B-1511 as neotype for the species S. viridochromogenes in preference to NRRL B-1227, which was proposed by Hutter (1962) . We base our selection of NRRL B-1511 on the fact that, in our studies, the majority of isolates collected resembled this strain. We found NRRL B-1227 to be atypical in its mode of sporulation. This has been confirmed by Pridham (personal communication All the green-spored cultures we studied were either in the RF or RA morphology sections of Pridham, and were nonchromogenic. This includes the species S. hirsutus, S. prasinus, and S. prasinopilosus, previously described by Ettlinger et al. (1958) and Hultter (1962) .
The major characteristics of the Viridochromogenes series are blue to blue-green spores borne in spirals, and chromogenicity (melanin-positive).
Reverse color provides a basis for separation below the group or series level. S. viridochrmogenes has a dark-green to greenish-black reverse color, whereas that of S. cyaneus is bluish-purple, and those of S. chartreusis are in shades of light amber, cinnamon, and reddish-orange to brown. Within the S. chartreusis subgroup, the species S. chartreusis, S. azureus, and S. caelestis are distinguishable on the basis of spore morphology. S. chartreusis is characteristically spiny-spored, whereas the other two species are not. S. azureus and S. caelestis, both smooth-spored, are distinguishable from one another on the basis of sporophore morphology. Figure 4 shows the abundant cluster of spirals of S. azureus in contrast to the simple hooked sporulation of S.
caelestis. VOL. 85, 1963 By the criteria employed in this study, S. bellus, S. curacoi, and the new species in Gauze's Coerulescens series can scarcely be distinguished from S. chartreusis. They differ solely in antibiotic production (Table 4 ). This criterion alone is an inadequate basis for speciation. Ciferri (1959) proposed that species designations be accepted only if they differ in at least two unrelated characteristics. This certainly must be the minimal requirement.
Grouping by color alone is arbitrary and subjective. Color becomes taxonomically significant when it can be correlated with other features or characteristics. Sanchez-Marroquin (1962) 
